Abstract: Because discomfort caused by different approximal caries detection methods can influence their performance, the assessment of this discomfort is important. Thus, this study aimed to evaluate the discomfort reported by children after the use of different diagnostic methods to detect approximal caries lesions in primary teeth: visual inspection, bitewing radiography, laser fluorescence (DIAGNOdent pen -LFpen) and temporary separation with orthodontic rubbers. Seventy-six children aged 4 to 12 years were examined using these methods. Their discomfort was assessed using the Wong-Baker scale and compared among the methods. Visual inspection caused less discomfort than did other methods. Radiography and the LFpen presented similar levels of discomfort. Older children reported higher discomfort using temporary separation, whereas younger children reported less discomfort with the LFpen. In conclusion, radiographic, temporary separation and LFpen methods provoke higher discomfort than visual inspection.
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Introduction
The detection of approximal caries lesions is difficult because the contact points hamper the direct visual inspection of pertinent tooth surfaces. Conventional methods have been used for this purpose. Visual inspection is the most commonly used method, although it is associated with low sensitivity and reliability in detecting approximal caries lesions. 1 Although the radiographic method can increase the sensitivity of visual inspection, it underestimates the actual depth of the lesion and is unable to show the presence of cavitation. 2 Temporary separation with orthodontic rubbers is a good alternative to visually detect the presence of cavitations, although this method requires two appointments. 3 Recently, a pen-type laser fluorescence device (LFpen) was introduced for the detection of approximal caries lesions. 4 Visual inspection is a relatively easy and fast technique, although assessments using a scoring system, such as the International Caries Detection and Assessment System (ICDAS), could increase the time spent in clinical examinations. 5 The radiographic method, by contrast, may be difficult to perform in children because the size of the film or its holder (e.g, the one used to take bitewing radiographs) may cause some intraoral discomfort. 6 This discomfort has also been observed in adults. 7, 8 Pain
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and discomfort have also been reported with orthodontic rubbers for temporary separation. 9 To assess approximal surfaces with the LFpen, a sapphire tip that is 0.4 mm in thickness and 1.1 mm in width must be introduced under the contact point. This procedure could also provoke some discomfort.
The performance of these different methods in the detection of approximal caries lesions has been previously investigated. 4, 10, 11 Furthermore, the discomfort caused by these methods has been reported to influence their performance, 12 although no previous study has assessed the discomfort caused by each of these methods in pediatric patients. Therefore, we investigated the discomfort reported by children whose primary teeth were examined for approximal caries lesions using visual inspection, radiography, the LFpen and temporary separation with orthodontic rubbers. We also assessed possible associations between certain variables and the level of discomfort.
Methodology
This study was approved by the local Committee for Ethics in Research (Protocol 115/07). We identified the enrolment forms of 80 children who sought dental treatment in our dental school and invited them to participate in the study. Four children refused to participate (positive response rate of 95%). Thus, 76 children (32 males and 44 females) aged 4 to 12 years (mean 7.3 ± 1.6 years old) and living in São Paulo, Brazil (with 0.7 mg/L F -in water supply) took part in the study. Nine children (11.8%) presented with primary dentition and 67 (88.2%) with mixed dentition.
Primary molars without restorations or frank cavitations and their adjacent teeth were selected in these children (592 approximal surfaces). Then, two graduate students with experience in caries diagnosis (TFN and RM) assessed the surfaces using different methods of approximal caries detection:
• visual inspection, • radiography and • the LFpen (DIAGNOdent pen, Kavo, Biberach, Germany).
The different diagnostic methods were applied in random order. The training of the examiners and the calibration processes were previously described. 11 All examinations were carried out in a dental chair with operating light illumination and a 3-in-1 syringe. After the cleaning procedures, visual inspection was first performed using a plane buccal mirror and a WHO periodontal probe, using IC-DAS criteria. 5 For the radiographic examinations, bitewing radiographs that comprised the maxillary and mandibular primary molars were taken from each side (two radiographs for each child). The X-ray machine (Spectro 70 X, Dabi Atlante, Ribeirão Preto, Brazil) was set to 70 kV and 8 mA, and the exposure time was 0.3 s. Kodak Insight radiographic films (22 × 35 mm, Eastman Kodak, Rochester, USA) were used with a focus-to-film distance of 40 cm. The films were developed manually using standard processing times. Radiographs were initially attempted with the use of plastic bitewing holders (Jon Han-Shin PF 682, Jon Ind., São Paulo, Brazil). If the child did not tolerate the holder, a bitewing was made using adhesive tape instead (n = 13).
For the LFpen method, calibration procedures were first performed against a reference object and on a sound smooth surface of each examined tooth. Next, the tip for the approximal surfaces (tip 1) was introduced underneath the contact area, initially from the buccal side and then from the oral side, according to the manufacturer's instructions. After all assessments, the children were submitted to temporary separation of each surface using orthodontic rubber rings (Morelli, Sorocaba, Brazil), which were placed around the contact points for 7 days.
For the assessment of discomfort, we used the Wong-Baker FACES pain rating scale, 13 which is an ordinal six-point scale ranging from 0 to 5. A score of 0 shows a smiling face, indicating no discomfort, whereas a score of 5 shows a crying and sad face, indicating great discomfort. This method was previously validated for the assessment of pain and discomfort in children. 13, 14 All of the children were subjected to all of the diagnostic methods tested by both examiners at the same appointment. Immediately after the assessment, one examiner (TFN) asked the child to indicate the face that best represented his/her feeling regarding the method. For the method of temporary separation with orthodontic rubber, discomfort was assessed immediately after placing the orthodontic rubber in one approximal space. Then, the discomfort of this method was evaluated again at the recall visit, seven days later. For the temporary separation method, discomfort was evaluated in only 50 children. Evaluations were not performed in 26 children because of the lack of time at the end of the appointments, patient absence at the recall visit or loss of the rubber in the days following the initial placement.
After the discomfort scores were recorded for each method, we employed the Friedman test to compare the degrees of discomfort among the methods. Poisson regression analysis was used to evaluate the association between gender, age and type of dentition with the discomfort degree. For the radiographic method, another explanatory variable was the technique used for taking the bitewing radiographs (whether using adhesive tape or plastic film holders). We considered the scores attributed using the Wong-Baker scale as our outcomes. Rate ratios and 95% confidence intervals were then calculated. For all statistical analyses, the level of significance was set at p < 0.05.
Results
Regarding agreement between examiners, all of the methods demonstrated both high inter-and intra-examiner reproducibility values, with Kappa values ranging from 0.7 to 1.0.
Considering all samples, the radiographic (mean ± SD = 0.72 ± 1.13; median = 0; range = 0-5) and LFpen methods (mean ± SD = 0.76 ± 1.02; median = 0.5; range = 0-5) provoked similar levels of discomfort. Both methods provoked higher levels of discomfort than did visual inspection (mean ± SD = 0.42 ± 0.72; median = 0; range = 0-3). However, the degree of discomfort was not significant; the mean of the scores was lower than 1.0. Figure 1 shows the distribution of the scores among the different methods.
In children submitted to temporary tooth separation (n = 50), this method caused similar levels of discomfort than did the radiographic and LFpen methods immediately after placement of the orthodontic rubber (mean ± SD = 0.84 ± 1.02, median = 1; range = 0-5). However, this method also caused significantly higher levels than visual inspection. In contrast, at the time of the recall visit, the children reported lower levels of discomfort provoked by the orthodontic rubber (mean ± SD = 0.64 ± 0.96, median = 0; range = 0-4). This method did not display statistically significant differences from the other methods (Figure 1) .
Older children and those with mixed dentition reported significantly less discomfort with the LF- pen than did younger children and children with primary dentition (Table 1) . However, regarding the discomfort caused by temporary separation immediately after the placement of the orthodontic rubber, significantly higher levels of discomfort were reported by older children than by younger children (Table 1) . Age and the type of dentition did not present significant associations with the other methods. Gender also failed to show significant associations with any method. For the radiographic method, there were no statistically significant differences in reported discomfort between bitewing radiographs involving a film-holder and with bitewings constructed with adhesive tape (Table 1) .
Discussion
Because most studies assessing caries detection methods have focused mainly on the diagnostic performance, 1 there is a lack of research investigating the best health outcomes for patients. 15 Discomfort provoked by diagnostic methods may cause problems because discomfort can influence the quality of the technique and increase the probability of diagnostic errors. [6] [7] [8] Furthermore, if the diagnostic method provokes discomfort at the initial appointment, this could lead to increased dental fear and anxiety in subsequent appointments. Previous negative experiences have been identified as a causative factor for behavioral problems in children in dental settings. 16 Therefore, we aimed to investigate the discomfort provoked by different methods of approximal caries detection in primary teeth and to identify associations with various factors.
The evaluation of pain and discomfort in children is a difficult task because of the subjective nature of the methods. The behaviors and expressions of the pediatric patient may not accurately reflect the reporting of symptoms because preschool children have limited verbal fluency with which to communicate their feelings. This was a limitation of our study, although the use of scales has been widely reported with proven validity of results. 6 In our sample, the subjects did not show any difficulty in identifying the faces that represented their feelings.
We used the Wong-Baker FACES pain rating scale because it is an instrument that has been validated in patients aged 3 to 18 years. Furthermore, it is a reliable tool that has been translated into several languages and is extensively employed to evaluate pain and discomfort for a variety of clinical procedures. 13, 17, 18 Previous studies have compared different methods of pain and discomfort assessment for children. Although these methods presented similar validity and reliability scores, the acceptance by children was higher with the Wong-Baker scale. 13, 14 In our study, visual inspection was the method that caused the lowest levels of discomfort. Other authors have confirmed that visual inspection is an easy and fast method. 1, 19, 20 Examinations performed using ICDAS can take longer than those using other methods, such as the WHO criteria. 21 However, the low degree of discomfort reported by children receiving visual inspection corroborates that ICDAS may be feasible for use in the pediatric population. Table 1 -Associations between gender, age and type of dentition and the degree of discomfort reported by children who were subjected to different methods of approximal caries detection.
Explanatory variables
Visual inspection** Radiographic** LFpen** TS (immediately after)*** TS (one week after)*** Rate ratio (95% confidence interval) The two other methods, in contrast, provoked higher levels of discomfort. With the radiographic method, both the use of a holder or film alone has been reported to cause some discomfort in children. 6, 22 Our study corroborates these findings. Discomfort due to radiographic digital receptors has also been reported by adults. 7, 8 Attempts to adjust the size and format of bitewing positioning devices for young children should be considered to reduce this discomfort. 6, 22 The LFpen method also provoked some discomfort in children during the examinations of approximal surfaces. Only one previous in vivo study has been published assessing the LFpen on approximal surfaces, although this study did not address patient complaints about the method. 11 Thus, the present study is the first to investigate discomfort provoked by the LFpen method. In another study, we observed that discomfort can influence the performance of the LFpen. 12 The thickness of the tip and the need to introduce the tip into the contact area may be among the factors responsible for the discomfort. Thinner tips could cause less discomfort, which the manufacturer should consider.
Gender
Regarding temporary separation, orthodontic rubbers in permanent teeth may provoke pain in children both immediately and one day after the placement of the rubber. One week after the placement of the rubber, however, the pain and discomfort subsided. 9 In primary teeth, we observed similar results. In addition, and in accord with the results from other studies, the use of separators for seven days was adopted without substantial patient inconvenience or loss of the orthodontic rubbers. 23, 24 The discomfort caused by orthodontic rubbers was similar to that of other methods such as radiography and the LFpen. Thus, discomfort is not a significant deficiency associated with this method. However, the main disadvantage is that two appointments are needed to make a diagnosis. Temporary separation was previously reported as a valuable and relatively non-traumatic adjunct diagnostic method. 25, 26 With the LFpen, older children complained of less discomfort than did younger children. Children with mixed dentition also complained of less discomfort than did children with primary dentition. However, the type of dentition and age are collinear variables, and the association with age was stronger. This method is very lengthy and requires long appointment times, which may explain the aforementioned association. In our study, none of the children had previous exposure to the LFpen, a relatively new device on the market.
Regarding temporary separation, however, older children reported higher levels of discomfort. A possible explanation is that because teeth in mixed dentition are more firmly anchored to the alveolar bone, they are harder to move than are teeth in the primary dentition. 27, 28 This fact may explain the abovementioned association. In addition, some mobility associated with primary molars in the exfoliation process may have been caused by the action of the orthodontic rubber separator against the tight contact points in older children, resulting in higher degrees of discomfort. Other variables did not present statistically significant associations. The radiographic method performed with plastic film holders caused levels of discomfort similar to those caused by bitewing radiography performed with adhesive tape.
Radiography, the LFpen and temporary separation provoked similar degrees of discomfort, which were higher than that provoked by visual inspection. Nevertheless, the mean level of discomfort for all methods was relatively low (i.e., lower than 1 in a scale of 0 to 5). Thus, we could affirm that caries detection methods for approximal surfaces are usually painless. However, some children reported a discomfort score of 5. Moreover, discomfort can influence the performance of these methods in detecting approximal carious lesions. 12 This influence is relevant because over-or under-diagnosis may induce undesirable errors in subsequent treatment. Therefore, dentists should try to minimize discomfort to manage the behavior of children during treatment.
The previous experience of children in dental clinical settings may have influenced their willingness to accept certain diagnostic methods that were evaluated. The use of the LFpen was unknown by all of the subjects who were part of our sample. However, previous exposure to radiographs and/or the use of rubber rings were not assessed, which may have been a limitation in our study. Other results, however, did not display a correlation between past experience and current behavior in children during the radiographic examination. 6 
Conclusion
Radiography, the LFpen and temporary separation provoke greater discomfort than does visual inspection, although the degree of discomfort was generally low. The age of the child is the factor that is most associated with the level of reported discomfort.
